R egulated actin dynamics play a pivotal role in many cell physiological processes, ranging from intracellular trafficking to cellular motility (1) . Accordingly, actin dynamics are under tight spatiotemporal control, involving multiple layers of regulation. Nucleation of actin filaments or branches is kinetically unfavorable and, therefore, requires nucleators such as the heptameric actin-related protein (ARP)2/3 complex (2), an important cellular factor for organizing branched filament networks that partitions between the plasma membrane and intracellular sites. ARP2/3 displays little nucleation activity on its own but can undergo activation by nucleation-promoting factors (NPFs), many of which have been characterized to date (3) . Two important NPFs are Wiskott-Aldrich syndrome protein (WASP) and WASP family Verprolin-homologous protein (WAVE) of the WASP family of proteins. Both types of NPFs bind to and stimulate ARP2/3 via their verprolin, cofilin, acidic (VCA) domains following release from auto-or transinhibition by convergent signals involving activated Rho-family GTPases (2, 3) . For example, cell migration involves activation of Rac1 (ras-related C3 botulinum toxin substrate 1), resulting in the WAVEstimulated ARP2/3-mediated formation of lamellipodial protrusions at the leading edge (4) . Over the past decade, different groups of NPFs have been identified and characterized in cell biological and mechanistic detail. Most NPFs reside on the plasma membrane, although some of them, most notably WASH, have been found on intracellular structures, including endosomes (5) (6) (7) . By contrast, our knowledge about the mechanisms that negatively regulate cell motility (8) , e.g., via modulating ARP2/3 function is still in its infancy.
Here, we show that the trans-Golgi network (TGN)/endosomally localized peripheral membrane protein Gadkin, a modulator of adaptor protein (AP)-1-mediated endosomal membrane traffic (9) (10) (11) , negatively regulates cell spreading and motility via inhibition of ARP2/3 function.
Results

Gadkin-Depleted Cells Show Increased Cell Spreading and Migration.
Gadkin overexpression has been reported before to cause the peripheral accumulation of TGN-derived endosomal vesicles, and this phenotype often seemed to correlate with changes in cell morphology (10) . To obtain insights into the putative role of Gadkin in modulating cell shape and dynamics, we depleted mouse melanoma B16F1 cells of endogenous Gadkin and assayed the ability of silenced cells to undergo cell spreading. To our surprise, Gadkin-depleted B16F1 cells spread much more efficiently than control cells (Fig. 1A) . Cell spreading follows a predictable time course with cells adhering 15-20 min after plating. At this time, they form sheet-like protrusions that are uniformly extended in all directions, while at later time points, cells acquire a more digitated morphology (12) . Consistent with this only a very minor fraction (<5%) of B16F1 cells treated with control siRNA had spread and flattened with a circular morphology by 10-15 min, whereas this fraction increased to 9% by 20 min and to 17% by 30 min postplating, with the spreading efficiency also being dependent on extracellular factors, such as coating and FCS. At all of these time points, the fraction of spread cells and their size was significantly increased upon knockdown of Gadkin (Fig. 1B ). An enhanced cell-spreading efficiency, as judged by increases in cell area, was also observed in Gadkin-depleted Cos7 and HeLa cells (Fig. S1 A and B) and with several independent Gadkin-specific siRNAs. A role for Gadkin in the regulation of cell spreading is further underscored by our analysis of mouse embryonic fibroblasts (MEFs) isolated from Gadkin knockout (KO) mice (Fig. S2A) . Gadkin-deficient MEFs displayed a significant increase in cell size (Fig. 1C) 20-30 min postplating compared with MEFs from WT animals.
Because the formation of sheet-like protrusions is involved in both cell spreading and migration (1, 2), we assayed the ability of Gadkin-depleted B16F1 cells to randomly migrate. Quantification of the accumulated distance migrated over time revealed that Gadkin depletion was associated with a significant gain in migration compared with control cells. This effect was specific because it was rescued by reexpression of siRNA-resistant Gadkin-EGFP (Fig. 1D) . These data identify Gadkin as a negative regulator of cell spreading and migration and prompted us to dissect the underlying molecular mechanism.
Gadkin Directly Interacts with ARP2/3 via a Tryptophan-Containing Acidic Cluster Motif. Because Gadkin avidly binds to the TGN/ endosomally localized clathrin adaptor AP-1 and to kinesin1 [kinesin family motor protein 5/kinesin light chain 2 (KIF5/ KLC2)], we first assessed the effect of silencing AP-1γ or kinesin1 heavy chain (KIF5) on cell spreading. However, neither AP-1 nor kinesin1-depleted cells showed alterations in spreading efficiency (see below). To identify Gadkin-binding proteins that might explain the above phenotypes, we performed affinity chromatography experiments from rat brain extracts using GST-Δ51-Gadkin immobilized on Sepharose beads. Tandem mass spectrometry (MS/MS)-based proteomic approaches identified, in addition to AP-1 and kinesin1, ARP2, ARP3β, ARP2/3 complex subunit 2 (ARPC2), and ARPC4, four subunits of the heptameric ARP2/3 actin-nucleation complex (3) as specific binding partners of Gadkin (Fig. 2A) . Complex formation of native endogenous proteins in vivo was verified by reciprocal coimmunoprecipitation experiments using Gadkin-or ARPC2-specific antibodies (Fig. 2B ). ARP2/3 regulates the assembly of sheet-like protrusions during the initial phase of cell spreading and migration (12) by promoting actin branch nucleation downstream of nucleation promoting factors (NPFs) such as WAVE and WASP proteins. Most NPFs harbor an acidic region bearing a conserved tryptophan (W) residue required for ARP2/ 3 binding (3, 13) . Gadkin contains a sequence closely resembling W-bearing acidic domains of NPFs (Fig. 2C) . To test the importance of this putative interaction motif for Gadkin complex formation with ARP2/3, we mutated W210 to A. As expected, GST-Δ51-Gadkin associated not only with AP-1 and kinesin1 but also with the ARP2/3 complex (detected via its ARP3, ARPC2, and ARPC3 subunits) in affinity chromatography experiments. By contrast, mutant GST-Δ51-Gadkin-W210A failed to associate with either ARP2/3 or kinesin1 but retained the ability to bind to AP-1 (Fig. 2D) . Loss of kinesin1 binding of Gadkin-W210A is consistent with earlier results (10) and suggests that Gadkin associates with kinesin1 and the ARP2/3 complex via an overlapping site centered around W210. To determine whether the W-containing acidic cluster motif is not only required but also sufficient for binding to ARP2/3, we assayed the ability of a GSTfused peptide containing this motif (Fig. 2C) to associate with ARP2/3. As seen in Fig. 2E , the immobilized Gadkin-derived peptide was sufficient to retain ARP2/3 and albeit much more weakly also kinesin1, whereas it failed to bind to AP-1. To test whether the interaction between Gadkin and ARP2/3 was direct, we performed binding assays with purified proteins. ARP2/3 specifically bound to GST-Δ51-Gadkin-WT coupled to beads, whereas no binding was detected for GST-Δ51-Gadkin-W210A (Fig. 2F) . We conclude that Gadkin directly and specifically associates with the ARP2/3 complex via a W-containing acidic cluster motif similar to those found in NPFs. The fact that Gadkin and NPFs appear to associate with ARP2/3 via similar determinants suggests that both factors may use a common overlapping interface on ARP2/3 and, hence, compete with each other for binding. To analyze whether Gadkin and NPFs associate with ARP2/3 in a mutually exclusive manner, we carried out direct binding studies using GST-Δ51-Gadkin and purified ARP2/3 to which we added increasing amounts of the VCA domain of N-WASP, a potent NPF bearing a W-containing acidic motif (3). Addition of equimolar amounts of His 6 -VCA substantially decreased binding of ARP2/3 to Gadkin, and excess His 6 -VCA completely abrogated Gadkin-ARP2/3 complex formation (Fig. 2G) . We conclude that Gadkin and NPFs such as N-WASP compete for the same binding site on ARP2/3.
Gadkin Colocalizes with a Subpool of ARP2/3 on Endosomes. Gadkin restricts cell spreading and migration and directly associates with ARP2/3, a key component of lamellipodia formation and a positive regulator of cell motility. We, therefore, hypothesized that Gadkin may act as an inhibitor of ARP2/3 function. To examine this possibility, we analyzed the subcellular distribution of Gadkin and ARP2/3 in cells plated on different substrates and under promigratory or migration prohibiting conditions. In lamellipodia-free cells plated on Matrigel, endogenous ARP2/3 was mostly distributed intracellularly, where it partially colocalized with a pool of Gadkin-EGFP (Fig. 3 A, B, and F) . Treatment of cells grown on laminin with aluminum fluoride, a chemical activator of NPFs stimulating small GTPases, including Rac1 and Cdc42 (cell division control protein 42 homolog), induced the formation of numerous lamellipodia as expected (14) , and these changes correlated with a redistribution of ARP2/3 from intracellular pools to the plasma membrane (Fig. 3 C, D, and F) . Conversely, when Rac1 activation was blocked, ARP2/3 redistributed from the plasma membrane to intracellular sites including Gadkin-containing endosomes (Fig. 3E) , as evidenced by a significant increase in colocalization under these conditions (Fig. 3F) . Gadkin-and ARP2/3-positive puncta also contained AP-1 and transferrin receptor ( Fig. 3 G and H) , identifying these structures as endosomal vesicles. In agreement with these data on fixed cells, a subpool of ARP2/3 was present on mobile Gadkinpositive endosomes observed by live imaging of Gadkin-mRFPand EGFP-ARPC5B-expressing cells (Fig. S3 A and B) . Finally, overexpression of FLAG-Gadkin or Gadkin-EGFP in HeLa cells resulted in the kinesin1-driven accumulation of endogenous ARP2/3 on peripheral Gadkin-positive spots (extensively characterized in ref. 10) beneath the plasma membrane ( Fig. S3 C and  D) , whereas mutant Gadkin-W210A-EGFP was unable to recruit ARP2/3 (Fig. S3C) . Collectively, these data suggest that Gadkin in the absence of promigratory signals colocalizes with a subpool of ARP2/3 on AP-1-and transferrin receptor-containing endosomes. ARP2/3 is an abundant protein complex with concentrations up to 2-10 μM, depending on cell type (15) . Negative regulation of ARP2/3 function by association with Gadkin would require the latter to be present at similarly high concentrations. We, therefore, determined the approximate concentrations of ARP2/ 3 and Gadkin in B16F1 cells by quantitative immunoblotting [assuming an average cell volume of 2,780 μm 3 (16) ]. Gadkin and ARPC2 were present at near equimolar ratios of about 2.3 and 2.6 μM, respectively (Fig. S4A) . These data not only fit well with published values for ARP2/3 but are also consistent with the possibility that Gadkin regulates ARP2/3 via intracellular sequestration. This hypothesis is in agreement with the observation that Gadkin and ARPC2 are both widely expressed (Fig. S4B) . Gadkin may affect ARP2/3 function either by sequestration or by direct inhibition of NPF-stimulated ARP2/3-dependent actin polymerization. To test the latter possibility, we used established in vitro actin polymerization assays based on the incorporation of fluorescent pyrene-actin. Incubation of either actin alone or together with purified ARP2/3 only led to a moderate rate of actin polymerization, consistent with the known requirement for NPFs to activate ARP2/3. Addition of Gadkin did not alter the rate of actin polymerization, indicating that Gadkin does not act as an NPF. This is in line with the fact that Gadkin binds ARP2/3 via a 
Coomassie blue-stained gel of material isolated by affinity chromatography from 12.5 mg of rat brain extract using 1.5 mg of GST or GST-fused Δ51-Gadkin cross-linked to glutathione Sepharose beads as bait. The labeled bands were identified by MALDI-TOF mass spectrometry. (B) Endogenous ARP2/3 and Gadkin coimmunoprecipitate. Solubilized rat brain membranes were subjected to immunoprecipitation using affinity-purified antibodies against Gadkin, ARPC2, or nonspecific rabbit IgGs as control. Samples were analyzed by immunoblotting for Gadkin, ARP3, AP-1, and synaptotagmin 1 (Syt-1). Asterisks denote nonspecific bands originating from Ig-heavy chains. W-based acidic cluster motif but lacks the V and C domains of typical NPFs required for ARP2/3 activation. By contrast, addition of the WASP-VCA domain promoted actin assembly irrespective of the presence of Gadkin added in up to 250× molar excess to the assay (Fig. S4C) . These results, together with in vitro binding competition experiments (Fig. S4D) , indicate that Gadkin neither acts as an NPF nor is able to compete off active VCA domain from ARP2/3, at least in vitro.
To assess whether Gadkin regulates the partitioning of ARP2/ 3 between the cell surface and intracellular sites, we analyzed plasma membrane-associated surface proteins isolated from WT or Gadkin-deficient MEFs by quantitative stable isotope labeling (SILAC)-based MS/MS. As seen in Table S1 , this analysis revealed a clear about 1.7-fold enrichment of all subunits of the ARP2/3 complex at the plasma membrane of Gadkin KO MEFs. By contrast, the surface levels of platelet-derived growth factor receptor, an important regulator of cell shape and migration, were not increased. A similar enrichment of the ARP2/3 subunit ARPC2 was also observed in immunostainings of Gadkin KO vs. WT MEFs with ARPC2 specific antibodies (Fig. S1B) . Collectively, our data identify Gadkin as an intracellular regulator of ARP2/3 function and distribution.
Gadkin Regulates Cell Spreading and Size via Modulating ARP2/3
Function. Gadkin, in addition to ARP2/3, also interacts with AP-1 (9, 11) and kinesin1 (KIF5B) (10) . To mechanistically dissect the role of Gadkin in regulating lamellipodia-mediated cell spreading and to identify the responsible effectors, we depleted cells of endogenous Gadkin, KIF5B, AP-1(γ1), or ARPC2 [a subunit required for ARP2/3 complex function (17, 18)], either alone or in combination (Fig. 4 A and B) . Depletion of Gadkin using two independent siRNAs resulted in profoundly increased cell spreading, whereas depletion of either AP-1(γ1) or KIF5B had no effect (Fig. 4C) . Conversely, silencing of ARPC2 strongly impaired cell spreading 15-20 min after plating (Fig. 4C) (as described in ref.  12) . Consistent with the proposed function of Gadkin as a negative regulator of ARP2/3, Gadkin silencing did not enhance cell spreading in the absence of ARPC2 (Fig. 4C) . Cells depleted of both Gadkin and KIF5B or Gadkin and AP-1(γ1) behaved identical to those treated with Gadkin siRNA alone (Fig. 4C) . Hence, the ability of Gadkin to regulate cell spreading depends on an intact ARP2/3 complex but not on kinesin1 or on AP-1(γ1).
As an additional parameter, we analyzed cell size 15-20 min after plating. Similar to the results seen for the morphological analysis of cell spreading, depletion of Gadkin but not of KIF5B or AP-1(γ1) led to a significant increase in cell size. Knockdown of ARPC2 did not alter cell size, consistent with the observation that the ability of cells to form lamellipodia is not directly linked to the control of plasma membrane area (19, 20) . However, ARPC2 silencing completely abrogated increases in cell size elicited by knockdown of Gadkin, whereas depletion of KIF5B or AP-1(γ1) had no effect (Fig. 4D) . Gadkin-depleted cells had an increased size not only early after plating but remained significantly larger even after 24 h in culture (Fig. 4E) . Similar increases in plasma membrane area were observed in A431
Gadkin knockdown cells, a phenotype rescued by cosilencing of ARPC2 expression (Fig. 4F) . The increased size of Gadkin-depleted cells correlated with an elevation in the number of protrusion containing cells compared with control (Fig. S5) , which was not caused by general alterations in the expression level of WASH or AP-1 or in F-actin distribution (Fig. S6) .
Finally, we wanted to know whether the function of Gadkin as a negative regulator of cell migration (compare Fig. 1 ) depends on its ability to directly associate with ARP2/3, as expected from the above results. To this aim, we carried out rescue experiments by reexpressing siRNA-resistant WT or ARP2/3-binding defective mutant versions of Gadkin-EGFP in cells depleted of the endogenous protein. As expected, WT-Gadkin-EGFP rescued the increased motility of cells depleted of endogenous Gadkin (Figs. 1D  and 4G ) and even decreased the migration rate of nondepleted control cells (Fig. 4G) , whereas ARP2/3-binding defective Gadkin-EGFP (W210A) failed to rescue enhanced migration (Fig. 4G) .
Our collective data thus indicate that Gadkin negatively regulates cell spreading, size, and motility via sequestration of ARP2/3.
Discussion
Here, we identify Gadkin as a negative regulator of ARP2/3 function, modulating ARP2/3-dependent processes such as cell spreading and motility. We demonstrate that Gadkin via a Wbased acidic motif directly associates with ARP2/3 and that both proteins colocalize on motile endosomal vesicles under migration-inhibiting conditions. Loss of Gadkin facilitates the partial redistribution of ARP2/3 from internal pools to the plasma membrane and leads to increased cell spreading, size, and migration via a mechanism that depends on ARP2/3 activity. Hence, Gadkin represents a negative regulator of ARP2/3 function present on intracellular membranes.
Gadkin differs in several important aspects from previously identified inhibitors of ARP2/3-mediated actin nucleation. The PDZ-BAR domain protein Pick1 (protein interacting with C kinase 1) (13), the actin-binding protein coronin 1B (21) , and the cofilin homolog glia maturation factor (GMF) (22) directly interact with both ARP2/3 and actin to inhibit NPF-stimulated ARP2/3-mediated actin polymerization. Others, including tropomyosin (23), caldesmon (24) , and EPLIN (epithelial protein lost in neoplasm) (25) , mainly act via tight association with F-actin, thereby competing with ARP2/3 binding to the mother actin filament. In all of these cases, negative regulation on ARP2/3-mediated branch nucleation is imparted directly at the site of ARP2/3 function. For example, Pick1 (13) acts at sites of glutamate receptor internalization in neuronal dendrites, whereas coronin 1B coordinates ARP2/3-mediated filament dynamics at the leading edge of migrating cells (21) . There is no report that loss of function of any of these inhibitors is associated with increased cell motility. To the contrary, expression of mutant coronin with elevated ARP2/3 binding caused increased cell migration (26) . Our biochemical and cell biological data indicate that Gadkin regulation of ARP2/3 function occurs via a different mechanism that likely involves sequestration of ARP2/3 at intracellular sites without directly inhibiting the activity of the complex. Support for this model comes from our observations that (i) excess Gadkin is incapable of outcompeting active VCA domain from ARP2/3; (ii) Gadkin does not affect VCA-domain stimulated ARP2/3-dependent actin polymerization; and (iii) Gadkin KO cells display elevated plasma membrane levels of ARP2/3 and increased cell spreading. Based on these data, we favor a role for Gadkin as a regulator of an intracellular reservoir of ARP2/3. Release of ARP2/3 from this pool might be triggered by signaling cascades, resulting in the activation and localized recruitment of NPFs to their site of action. Such activated NPFs via their VCA domains likely are capable of retrieving ARP2/3 from Gadkincomplexed intracellular pools. Consistent with this hypothetical model, we have been unable to observe lamellipodia formation in Gadkin-depleted cells in the absence of promigratory signals.
Although the proposed function of Gadkin as an intracellular safeguard for ARP2/3 activity is consistent with our data and . (E and F) B16F1 (E) respectively A431 (F) cells treated with the indicated siRNAs were fixed 24 h after plating and stained with phalloidin. Cell size was quantified and normalized to the size of cells treated with scrambled-1 respectively scrambled-3 siRNA (A431: n = 2, n = 131-266 cells per condition; B16F1: n = 3-4, n = 217-270 cells per condition; **P < 0.001; one-way ANOVA plus Tukey's post test). (G) B16F1 cells treated with control or Gadkin-specific siRNAs transiently expressing siRNA resistant WT or ARP2/3 binding defective mutant (W210A) Gadkin-EGFP were assayed for their ability to randomly migrate. Reexpression of WT but not W210A mutant Gadkin rescued enhanced migration seen in Gadkindepleted cells (n = 3; n = 30 cells per experiment; **P < 0.001; *P < 0.05; unpaired Student's t test; mean ± SEM).
with previous work (2, 3) , we cannot rule out that Gadkin-associated endosomal ARP2/3 plays additional roles in cell physiology apart from restricting cell migration. ARP2/3 via N-WASP (27) and WASP homolog associated with actin, membranes, and microtubules (WHAMM) (28) has been implicated in membrane traffic at the Golgi and the TGN and via WASH at endosomes (5-7). It is, therefore, conceivable that the restrictive role of Gadkin in regulating ARP2/3 function at the cell surface may extend to intracellular membranes. Future studies will need to address this possibility. The role of Gadkin as a negative regulator of ARP2/3-mediated cell spreading and migration parallels the recent identification of Sharpin as an inhibitor of integrin activity (8) . Loss of Sharpin, similar to loss of Gadkin, is associated with an elevated propensity of cell to migrate, suggesting that signal-dependent control of cell shape and motility is under spatiotemporal control imparted by activators and inhibitors acting at multiple stages of the pathway.
Materials and Methods
Descriptions of the following are available in SI Materials and Methods: plasmids, antibodies, reagents, cell culture and transfection, preparation of cell and tissue lysates, protein quantification, actin polymerization assay, binding and competition experiments, generation of Gadkin KO mice and derived MEFs, and surface biotinylation followed by SILAC-based MS analysis.
Immunocytochemistry. Cells grown on glass coverslips were washed and fixed with 4% (wt/vol) paraformaldehyde/4% (wt/vol) sucrose in PBS. Following permeabilization and blocking in goat serum dilution buffer (GSDB) [25% (vol/vol) goat serum, 0.3% Triton X-100 in PBS], cells were incubated with primary and secondary antibodies in GSDB. Washed cells were mounted in ImmuMount (Thermo Electron) supplemented with 1 μg/mL DAPI.
Cell-Spreading Assay. Cells, if necessary, were transfected 2× with siRNA (days 1 and 3), trypsinized, and seeded in full growth medium onto glass coverslips. Cells were incubated at 37°C in the presence of 5% CO 2 for 10-30 min. Immediately afterward, cells were washed and processed for immunocytochemistry.
Cell-Motility Assay. B16F1 cells were transfected 2× with siRNA (days 1 and 3), trypsinized, and seeded sparsely into 6-cm dishes coated with laminin. Cells were imaged at low magnification every 3 min for 18 h. Tracks were identified from recorded movies using the manual tracking plugin of Image J. The "chemotaxis and migration" plugin (Ibidi) was used for further analysis.
Fluorescence Microscopy. Epifluorescent images for the quantification of cell size, cell shape and fluorescence intensities were acquired on a motorized Zeiss Axiovert 200M inverted microscope equipped with the Stallion System (Intelligent Imaging Innovations). Data were processed using Slidebook 5 software (Intelligent Imaging Innovations). Confocal images and live cell imaging were carried out with a Zeiss Axiovert 200M-based Perkin-Elmer UltraView ERS dual spinning disk system. Data were processed using Volocity software (Improvision) and ImageJ.
Affinity Chromatography. GST-fusion proteins were purified from overexpressing Escherichia coli using GST-bind resin (Novagen) according to standard protocols. Affinity chromatography experiments were carried out as described in ref. 10 . Samples were analyzed by SDS/PAGE and immunoblotting or MS/MS-based MS.
Direct-Binding Assay. ARP2/3 complex (tebu-bio) was diluted to 0.1 μg/μL in 10 mM Hepes (pH 7.4), 100 mM KCl, 1 mM MgCl 2 , and 0.1 mM EDTA supplemented with 1 mM PMSF and mammalian protease inhibitor mixture (Sigma). GST-fusion protein (10 μg) on GST-bind resin was incubated for 2 h at 4°C under gentle agitation with 6.7 μg of ARP2/3 in 500 μL of the same buffer supplemented with 0.1% Tween-20. Following extensive washes, bound ARP2/3 was eluted in sample buffer. Samples were analyzed by SDS/PAGE and immunoblotting.
Immunoprecipitation. Two p1 rat brains were homogenized in 5 mL of 25 mM Hepes (pH 7.5), 125 mM NaCl, and 2 mM MgCl 2 supplemented with 1 mM PMSF and mammalian protease inhibitor mixture (Sigma). Cellular debris was removed by spinning 2× 10 min at 1,000 × g at 4°C. The supernatant was centrifuged for 30 min at 180,000 × g at 4°C. The resulting membrane pellet was resuspended in 1 mL of 25 mM Hepes (pH 7.4), 125 mM NaCl, 2 mM MgCl 2 , and 0.5% TritonX-100 supplemented with 1 mM PMSF and mammalian protease inhibitor mixture (Sigma). Following solubilization on ice for 15 min, lysates were precleared by ultracentrifugation (15 min at 180,000 × g at 4°C). Lysate (1.2 mg; 3 mg/mL) was subjected to immunoprecipitation for 4 h at 4°C using antibodies [6 μg of rabbit anti-ARPC2; 12 μg of rabbit anti-Gadkin (no. 11); 12 μg of rabbit immunoglobulins] coupled to protein A/G agarose (Santa Cruz Biotechnology). Beads were washed extensively and eluted with sample buffer. Samples were analyzed by SDS/PAGE and immunoblotting.
